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curettage with bone graft. Previous studies have reported variable outcomes in the literature. There is no consensus for how to treat SBC; therefore, physicians may be confused to choice from a wide variety of treatment modalities.
A randomized controlled trial (RCT), which eliminates selection bias, can help physicians to provide effective treatment objectively. However, RCT needs an excessive long-term follow-up period and is associated with high cost in some fields of orthopedic research. Alternatively, decision analysis using observational studies is a logical process for identification of the best option in the face of uncertainty.
2) The decision analysis, which was originally used in the business field, has made it possible to obtain evidence-based knowledge without performing an RCT, and is a useful tool for formulating and generalizing the decision-making process.
3) For example, Event A has a benefit of 0.7 with a probability of 0.6 and a loss of −0.3 with a probability of 0.4, and Event B has a benefit of 0.8 with a probability of 0.7 and a loss of −0.3 with a probability of 0.3. The final expected value of Event A is (0.7 × 0.6) − (0.3 × 0.4) for a final value of 0.3, and that of Event B is (0.8 × 0.7) − (0.3 × 0.3) for a final value of 0.47. In this case, the model favors Event B.
The purpose of this study was to examine which procedure is better for the treatment of SBC in children, using a decision analysis based on the current published evidence.
METHODS
The present study was exempt from Institutional Review Board because it did not involve human subjects as its resources.
Literature Review and Model Design
In this study, a decision analysis model focused on five treatment modalities of SBC: observation, steroid injection, autologous bone marrow injection, decompression, and curettage with bone graft. We conducted a Pubmed search using a Boolean operator (OR) to combine keywords (simple bone cyst [tiab] OR unicameral bone cyst [tiab] ) from the abstracts. In addition, studies were identified by a manual search of the reference lists of reviews and retrieved studies. The present study included literature that (1) provided the treatment, which was noted above; (2) had identifiable cases without pathologic fracture before the treatment; and (3) had results regarding the first outcome of a series of procedures. Decompression included multiple drilling, intramedullary nailing, and screw insertion. In curettage with bone graft, the type of grafted bone included both autobone and allobone. Cases with pathologic fracture before treatment or with unconfirmed information were excluded. The methodological quality of the included studies was evaluated using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. 4) The STROBE statement is a checklist of 22 items that we consider essential for good reporting of observational studies.
The search on the PubMed database and the manual search identified a total of 320 published articles. There was one study regarding observation, 13 for steroid injection, 15 for autologous bone marrow injection, 12 for decompression, and 18 for curettage and bone graft as treatment options of SBC. After implementation of inclusion and exclusion criteria, 10 studies were finally included in our decision analysis and the STROBE Statement of the studies ranged from 12 to 20 (Table 1) . [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] TreeAge Pro 2012 (TreeAge Software Inc., Williamstown, MA, USA) was utilized to construct a decision tree (Fig. 1) . The root node (quadrangle) of SBC was branched into five treatment modalities, as noted above. Chance nodes (round) followed each treatment modality. Clinical outcomes of each treatment modality were categorized into three groups: (1) healed, (2) no change or progression or recurrence, and (3) pathologic fracture or positive symptoms. Each treatment modality was branched according to the presence of complications of general anesthesia and the surgical procedure, and all of branches reached the 3 clinical outcomes. The terminal node (triangle) at an endpoint is "utility, " which means a clinical outcome in the decision tree. Each utility was estimated by the first procedure of each surgical intervention. Within an expected utility analysis, the value of any treatment modality is the weighted average of the outcomes, which may result from choosing that option; that is, the expected value is the sum of the utility values of each possible outcome, multiplied by the likelihood that the given outcome will be achieved.
2)
Observation Branch and Probabilities As follow-up without an intervention, SBC could be healed. Previous studies showed that 9.1% of the observed were 'healed. ' 5) The remainder of the observed SBC were divided into 2 branches: 'no change or progression or recurrence, ' and 'pathologic fracture or positive symptoms. ' We divided the results of SBC treatment of into three clinical outcomes, as mentioned above, because each of the clinical outcomes needed a different treatment plan. 'Healed' meant there was no necessity for further treatment. However, a patient with 'pathologic fracture or positive symptoms' needed the intervention repeated or a more extensive procedure. A patient with 'no change or progression or recurrence' might be treated with observation, a repetition of the intervention, or other procedure depending on the physician's decision.
We assumed a baseline rate for pathologic fracture or positive symptoms of the observed SBC to be 45.5%. And the baseline rate for no change or progression or recurrence of the observed SBC would be 45.4% (Fig. 1 ).
Surgical Intervention Branch
The surgical intervention branches of SBC were comprised of 4 procedures: seroid injection, autologous bone marrow injection, decompression, and curettage with bone graft. Each of the interventions need general anesthesia, and may cause surgical wound infection. First, each of the surgical interventions branched into 2 branches, 'complications' and 'no complications.' Complications branched into 'minor complications' and 'major complications. ' The minor complications category was comprised of surgical wound infection and anesthesia-related minor complications, such as sore throat, nausea, vomiting, and thrombophlebitis. Again, the minor complications group was divided into 'surgical wound infection' and others. In steroid injection and autologous bone marrow injection, the chance nodes of surgical wound infection and no surgical wound infection were divided into 2 branches, the presence of complications caused by the injected material or no complications. The major complication was death caused by anesthesia-related complications. Each end of the branches was categorized into 3 clinical outcomes: 'healed,' 'no change or progression or recurrence,' and 'pathologic fracture or positive symptoms.' A previous study showed that mortality in anesthesia ranges from 0 to 0.033% (Table 2) . [15] [16] [17] [18] [19] [20] [21] [22] [23] The baseline mortality of the surgical intervention was 0.0165%. A literature review revealed that the minor complications rate related to anesthesia ranges from 19% to 68% [16] [17] [18] and the surgical wound infection rate ranges from 0.7% to 11.6%. [19] [20] [21] [22] [23] Therefore, we assumed that the rate of complications for decompression and curettage with bone graft ranged from 19 to 80.1%. The baseline complication rate for them was 50%. A previous study showed that the incidence of complications with locally injected steroids was approximately 1%. 24) 16) 0.267 Hines et al. 17) 0.530-0.680 Apfel et al. 18) General anesthesia with major complications 0.000165 0-0.00033 0-0.00033 Gonzalez et al. 15) Surgical infection 0.030 0.007-0.116 0.026 van Kasteren et al. 19) 0.029 Abu Hanifah 20) 0.113 Dhillon & Kok 21) 0.116 Pittet et al. 22) 0.007-0.031 NNIS 23) NNIS: National Nosocomial Infections Surveillance. Rate of outcomes after autologous marrow injection 0.527 0.053-1.000 1.000 Lokiec et al. 7) 0.867 Docquier & Delloye 8) 0.800 Kokavec et al. 11) 0.667 Baek et al. 14) 0.053 Canavese et al. 12) 0.369 0.000-0.737 0.737 Canavese et al. 12) 0.333 Baek et al. 14) 0.200 Kokavec et al. 11) 0.133 Docquier & Delloye 8) 0.000 Lokiec et al. 7) 0.105 0.000-0.210 0.210 Canavese et al. 12) 0.000 Docquier & Delloye 8) 0.000 Kokavec et al. 11) 0.000 Lokiec et al. 7) 0.000 Baek et al. 14) Rate of outcomes after decompression 0.929 0.857-1.000 1.000 Roposch et al. 10) 1.000 Kokavec et al. 11) 0.917 Abdel-Wanis et al. 9) 0.857 Cha et al.
13)
0.072 0.000-0.143 0.143 Cha et al.
0.083 Abdel-Wanis et al. 9) 0.000 Roposch et al. 10) 0.000 Kokavec et al. 11) 0.000 0.000 Kokavec et al. 11) 0.000 Abdel-Wanis et al. 9) 0.000 Roposch et al. 10) Rate of outcomes after curettage with bone graft 0.821 0.667-0.975 0.975 Cha et al.
0.842 Kokavec et al. 11) 0.778 Baek et al. 14) 0.667 Farber & Stanton 6) 0.667 Canavese et al. 12) 0.263 0.025-0.500 0.500 Baek et al. 14) 0.333 Canavese et al. 12) 0.333 Farber & Stanton 6) 0.222 Baek et al. 14) 0.158 Kokavec et al. 11) 0.025 Cha et al. 13) 0.000 0.000 Farber & Stanton 6) 0.000 Canavese et al. 12) 0.000 Kokavec et al. 11) 0.000 Cha et al. 13) 0.000 Baek et al.
14)
Clinics Complications with locally injected autologous bone marrow have been reported only occasionally. However, there was a lack of studies regarding the incidence of autologous bone marrow injection related complications. We assumed that the rate of complications, with locally injected autologous bone marrow, was 1%. Therefore, the overall rate of complications by steroid injection and autologous bone marrow injection ranged from 19% to 81.1% and the baseline complication rate for them was 50.5%. Because of the absence of skin incisions, the rate of wound infection from steroid injection and autologous bone marrow injection was believed to be lower than that for decompression and curettage with bone graft. It was assumed that the baseline wound infection rate, after steroid injection and autologous bone marrow injection, would be 1% and that for decompression and curettage with bone graft would be 3%. Three categorized clinical outcomes, after surgical interventions, were positioned at the ends of the branches (Table 3) .
5-14)
Utility Final clinical outcomes were assessed, using 'utility' as a percentage (Table 4) . Five orthopedic surgeons with 28, 12, 10, 8, and 7 years of orthopedic experience, respectively, held consensus building sessions for utility assessment. The utility, the final clinical outcome score for each treatment modality which takes into account the severity of complications, was defined with a factor of 100% representing perfect health, and a factor of 0 representing death. In cases of needing general anesthesia or skin incisions, we assumed that utility was decreased by 1% and 3%, respectively. Minor complications of surgical intervention were assumed to cause a 3% decrease in the utility score, and surgical wound infections to cause an additional 5% decrease. Complications caused by the injected materials, steroids and autologous bone marrow, were assumed to cause a 1% decrease in the utility score. In cases of no change or progression or recurrence, we assumed that utility was decreased by 5%. If there were pathologic fractures or positive symptoms, utility was decreased by 10%.
Sensitivity Analysis
The uncertainty and stability of the decision tree model were assessed, using a sensitivity analysis tool. The sensitivity analysis, which provides the threshold probabilities for each event, compensates the uncertainty of the decision tree model. One-way sensitivity analysis was used to assess the impact of alterations in the probability of one parameter on the conclusion. The overall rates of pathologic fracture or positive symptoms for steroid injection and autologous bone marrow injection ranged from 0% to 19.2% 6, 11, 12) and from 0% to 21.0%, 7, 8, 11, 12, 14) respectively. The rate of pathologic fracture or positive symptoms for decompression and curettage with bone graft was 0%. 6, [9] [10] [11] [12] [13] [14] However, the entire possible range of each event, which was between 0% and 100%, was included. One-way sensitivity analysis was performed to determine the threshold value of the treatment modalities. The threshold value is the point at which intersection occurs with each variable. Two-way sensitivity analysis was also utilized to examine the joint impact of changes in the probabilities of two parameters.
RESULTS
The results of the decision model showed that autologous bone marrow injection was the most preferred treatment modality among the five. The expected value for autologous bone marrow injection was 0.9456 while those for observation, steroid injection, decompression, and curettage and bone graft were 0.9318, 0.9411, 0.9406, and 0.9352, respectively.
One-way sensitivity analysis showed that autologous bone marrow injection was better than decompression for the expected value when the rate of pathologic fracture or positive symptoms of SBC after autologous bone marrow injection was lower than 20.4% (Fig. 2) . Whereas, steroid One-way sensitivity analysis on the rate of pathologic fracture or positive symptoms of simple bone cysts after autologous bone marrow injection shows the threshold probability. The threshold probability preferring autologous bone marrow injection is 20.4% of the rate of pathologic fracture or positive symptoms of the steroid injection. At higher than this rate, the decision analysis model prefers decompression. The possible range of this rate is between 0% and 21.0% based on previous studies (grey zone). injection was better than decompression, when the rate of pathologic fracture or positive symptoms of SBC after steroid injection was lower than 10.5% (Fig. 3) .
Two-way sensitivity analysis examined the proportion of the rates of pathologic fracture or positive symptoms of autologous bone marrow injection and decompression. The results suggested that autologous bone marrow injection was better than decompression by the expected value (Fig. 4) .
DISCUSSION
We evaluated 5 treatment modalities, which were the most widely used treatments of SBC. According to the decision analysis, based on current evidence, autologous bone marrow injection is the best choice of treatment of SBC in terms of utility score, and observation was the least preferred treatment modality among the five.
Before discussing the results of the study, some limitations need to be addressed. First, most of the baseline values in this study were derived from previous studies. The quality of some of the studies might be weak. The credibility of the decision analysis model depends on the valid estimates of the probabilities of the events included in the model.
3) Therefore, to increase credibility, we utilized a sensitivity test. Second, the anatomical location of SBC was not considered because there was a lack of studies that reported the clinical outcomes of SBC treatment associated with the location of the lesion. Treatment options can be changed depending on the location of SBC; because SBC, located on a weight bearing area, can be vulnerable to the pathologic fracture. Therefore, sensitivity analysis on the rate of pathologic fracture or positive symptoms after the treatment of SBC was performed to provide threshold probabilities of the rate for each event. The threshold probabilities help physicians determine the best treatment of SBC, according to the location of the lesion. Third, studies that we had reviewed had a different treatment algorithm in similar cases. For example, if there had been no response after steroid injection, subsequent treatments varied with the study: observation, repeat steroid injection, or curettage with bone graft, etc. Therefore, we designed a tree model with only the first outcome of a series of the procedures. Fourth, all procedures needing anesthesia were assumed to use general anesthesia. However, there might be cases that used a regional or local anesthesia. There were no studies that mentioned the method of anesthesia during the procedure. Fifth, to eliminate unexpected factors affecting the prognosis of SBC, cases of previous pathologic fracture before treatment were excluded. As a result, the validity of this study may increase, but a large amount of studies were excluded. In decision analysis, sensitivity analysis could supplement the uncertainty of the decision including a small number Fig. 3 . One-way sensitivity analysis on the rate of pathologic fracture or positive symptoms of simple bone cysts after steroid injection shows the threshold probability. The threshold probability preferring steroid injection is 10.5% of the rate of pathologic fracture or positive symptoms of the steroid injection. At higher than this rate, the decision analysis model prefers decompression. The possible range of this rate is between 0% and 19.2% based on previous studies (grey zone). of studies.
Although several studies have compared the treatment modalities of SBC, 12, 25, 26) they could not suggest treatment guidelines for SBC due to a lack of uniform clinical measurements. In this study, all of the clinical outcomes of the treatment modalities of SBC were assessed using utility scores. Furthermore, because preoperative pathologic fracture might affect the clinical outcomes of SBC treatment, we excluded cases of patients with preoperative pathologic fracture in previous studies. This study considered the possible complications caused by the procedures.
According to the decision analysis model, autologous bone marrow injection is the best choice of treatment of SBC in terms of utility score, followed by steroid injection. However, these injection procedures have systemic complications, even though they are thought to be rare. There was a report regarding the potential risk of fat embolus, following an autologous bone marrow injection for SBC. A fat embolism is able to cause transient bradycardia, decreased blood pressure, and a transient decrease in exhaled CO 2 as systemic complications, 27) and also death. A previous study showed that complete communication was discovered between the cyst and its venous drainage. 28) Further research is needed to determine the systemic effects of locally injected autologous bone marrow and steroids.
In cases of curettage with bone graft, we did not consider the type of bone, autobone or allobone. A previous study showed that there was a significant rate of persistent pain and morbidity from iliac crest bone grafts. 29) The usage of an autologous bone graft might decrease the utility score.
Bone marrow injection was the best choice of treatment for SBC in our decision model. However, the model is sensitive to the possibility of pathologic fracture after treatment, which might be related to the size and location of the lesion. Therefore, the risk of pathologic fracture should be considered when determining a treatment method.
The decision analysis model can be changed over time, as new evidence is presented. Updating the probability and utility with new evidence could make a more confident decision model.
